Listeria monocytogenes is a facultative intracellular Grampositive bacterium, ubiquitous 
INTRODUCTION
Listeria monocytogenes is a Gram-positive opportunistic pathogen that has been isolated from many natural and human-created environments (Farber and Peterkin, 1991) . Pathogenic and nonpathogenic strains of Listeria are ubiquitous in nature and can be isolated from the soil, vegetables and natural waters, as well as from healthy animals and man (Roberts and Wiedmann, 2003) . L. monocytogenes is the most pathogenic species of this genus, although infections mainly occur in neonates, pregnant women, the elderly and immunecompromised individuals (McLaughlin, 1997) . The primary mode of transmission of L. monocytogenes to humans is the consumption of contaminated minimally processed food (Schlech, 2000; Kathariou, 2002; Shen et al., 2006) . Several large outbreaks of listeriosis have been associated with contaminated commercial foodstuffs, such as vegetables, milk, and meat products, on which these bacteria can multiply even at low temperatures (Schuchat et al., 1991) . Usually, the presence of any Listeria species in food is an indicator of poor hygiene (McLaughlin, 1997) . Increased public awareness of the health-related and economic impacts of food contamination and food borne illnessess has resulted in greater efforts to develop sensitive methods for pathogen detection and identification. Conventional phenotypic assays are time-consuming, characterized by low sensitivity and may fail to detect strains of bacteria that are present in the samples at low concentrations or that have unusual phenotypic profiles (Tang et al., 1998) . Advances in molecular technologies, particularly the PCR methodology, have allowed more reliable microbial identification and surveillance. PCR techniques are more sensitive, highly specific and allow more rapid processing times, and enhance the likelihood of detecting bacterial pathogens without the need for isolating pure cultures (Aznar and Alarcón 2003; Cocolin, et al., 2002) .
In this paper, a direct identification of Listeria spp. in milk samples by a molecular method is described.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The standard strains of Listeria monocytogenes 4b ATCC 19115 and Listeria innocua ATCC 33090 were obtained from The American Type Culture Collection (ATCC; Manassas, Va., USA), and used for artificial contamination of pasteurized milk samples. Standard strains were grown on brain-heart agar (BHA) (Merck, GmbH Darmatadt, Germany) and buffered peptone water (Merck) at 37 o C. Samples. Artificially inoculated samples were prepared as follows: 40 mL of pasteurized milk were homogenized in 360 mL of half-concentrated Fraser broth, using a stomacher (MIX 2, AES Chemunex, France) for 1 min. The resulting mixture was distributed in 40 mL aliquots inoculated with 400 mL of 10-fold serial dilutions of standard strains in sterile saline (0.9% NaCl), covering the range from 1 to 1x10 7 CFU mL -1 (determined by plate count on BHA). DNA was extracted from 10 mL of mixture, after 0 h, 2 h and 6 h, and from 1 mL after 24 h of incubation at 37 o C. DNA extraction. Two methods for DNA extraction from milk were evaluated, one using enzymatic treatment for bacterial lysis by using DNeasy Tissue Kit (Qiagen GmbH, Germany) according to the manufacturer's protocol for Grampositive bacteria and the other using zirconia beads for lysis (Randazzo et al., 2002) .
PCR amplification conditions. PCR was performed in a final volume of 50 µL containing 1xPCR buffer (10xPCR buffer: 500 mM KCl, 100 mM Tris-HCl, 0.8% Nonidet P40), 2. used in this study is given in Table 1 . All PCR products were analyzed by agarose gel electrophoresis on 1% and 2% (wt/vol) agarose gels in 1xTBE buffer (10xTBE: 89 mM Tris, 89 mM boric acid, 2 mM EDTA) (Fermentas), at a constant voltage 80 V for 1 h and visualized by CCD camera Bio Doc Analyze Darkhood (Biometra, Gottingen, Germany). All PCR products were run next to the DNA molecular standards "MassRuler TM DNA Ladder" (Fermentas) and "GeneRuler TM DNA Ladder Mix" (Fermentas).
RESULTS
Assay design. The assay was designed to identify and distinguish Listeria spp. and L. monocytogenes from milk samples. Two sets of PCR primers were used to amplify two target genes (hlyA and 16S rDNA), with expected 702 bp and 938 bp amplicons, respectively. Two methods for DNA extraction from milk were evaluated: one using enzymatic treatment for bacterial lysis and the other using zirconia beads for lysis. Results showed that two methods yielded similar amounts of bacterial DNA. The DNeasy Tissue Kit, being faster and easier to implement, was used for extracting DNA from artificially contaminated samples and from pre-enrichment cultures.
Validation with standard strains. The assay was initially validated with standard strains L. monocytogenes 4b ATCC 19115 and L. innocua ATCC 33090. The assay correctly identified both strains. Moreover, when DNA from non-Listeria strains, such as Campylobacter jejuni, Escherichia coli O157:H7, Proteus mirabilis, Proteus vulgaris, Yersinia enterocolitica, Bacillus cereus, Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus and Lactobacillus plantarum, was used in the PCR, no PCR amplicon, of any size, was obtained (data not shown). Therefore, using primers directly on DNA extracted from microbial mixtures containing Listeria spp. facilitates specific detection of Listeria by PCR amplification.
Determination of the limit of detection. Different pre-enrichment incubation times (0 h, 2 h, 6 h, and 24 h) and target genes for PCR assay (hlyA and 16S rDNA) were tested on artificially contaminated pasteurized milk samples, in order to optimize the experimental conditions for detection of Listeria spp., suitable for routine laboratory analysis. The limit of detection was first determined using serial dilutions of the cell cultures diluted 10-fold from 1:10 to 1:10 7 (the number of cells in the undiluted sample was 10 8 CFU mL -1 ). The primers LI1/U1 and LM1/LM2 used in this study were proven highly specific for Listeria spp. and L. monocytogenes, respectively. The results obtained in the direct PCR reaction (0h) showed that sensitivity for the detection of L. monocytogenes, with primers LM1/LM2, was approximately 10 4 -10 6 CFU mL -1 , obtained in three independent experiments (Fig. 1) . In addition, the results showed that it was possible to detect L. innocua in all serial dilutions by using primers LI1/U1 (Fig. 1) .
Further, direct PCR detection (0 h) of Listeria spp., without pre-enrichment, was compared with detection after 2 h, 6 h and 24 h of pre-enrichment. Results obtained with primers LM1/LM2 directed to the hlyA gene showed that the detection of L. monocytogenes increases over time. The best sensitivity result was achieved after 24 h incubation, detecting one CFU mL -1 (Fig 2) .
Interestingly, the results obtained after reamplification of the PCR products for 0 h of incubation, were similar to the result obtained in direct PCR reaction and did not have an influence on the sensitivity of the PCR detection (Fig 3) . specificity for the detection and identification, with pure isolates, as well as with DNA isolated directly from milk. Negative controls incorporated at all stages of the assay showed no false positive identification. However, when 16S rDNA genes were used as target for PCR reaction, while seeming to be more sensitive, false positives may arise from residual nucleic acid contaminants of other bacteria in milk.
Since the assay has been designed for detecting food-borne pathogens, the technique was validated with artificially contaminated milk. Two methods for DNA extraction were tested in order to remove potential PCR inhibitors from milk during DNA extraction. Both protocols for DNA extraction were successful in removing potential PCR inhibitors from milk, as well as incorrectly identifying bacteria.
Finally, the time to final identification and determination of antimicrobial susceptibility is generally 1 to 3 days (Tang et al, 1998) . In contrast, the PCR assay, including DNA extraction, PCR amplification and data analysis, can be completed in less than 8 h. This assay can also be adopted by small public health laboratories, food testing laboratories, and food industries, which cannot afford more expensive methods and equipment or trained technicians.
In conclusion, we have standardized high-throughput PCR assay for the detection of Listeria spp. and L. monocytogenes from milk samples. The assay has been successfully validated. The assay can provide "same-day" identification, which represents a significant reduction in time compared to conventional microbiological methods for identification of Listeria spp. from positive food samples. This assay represents a significant improvement over conventional techniques due to its rapid and non-tedious format.
